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meteorological contlitions. I Jiversity reception will pruve 
beneficial in rtihit iiig tlic off w; Is of niiiliipatlt trans- 
mission. 
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Magnetic Triggers* 

AN WAN Of, ASSOCIATK, IRK 



fiummary — Mkpiadc core« of (airly rectuigutu h^at^reui loop 
ouMrial u* used ai ■ trigger d«vic«. MBpietic nuiet U'e used in- 
■la«d of tl«ctric>l current* to indicate the two ttable poiitioni of the 
tr1((er. This paper ibowi how the majnetit fioi level may t>e de- 
tected without a mecbaoJcai motion. The conttmction and function - 
Log of leveral tTpea of tuch macnetlc tncfera are diacuued. 

1. iNTkODUCTION 

TRK'.CKR ("IRfllTS have U-en us«-d extensively 
during recent years in variou? electronic ilc vices. 
They usually consist of a pair of vacuum tuln-s 
con no ted in sueh a way that two sl.ilile states of Ihe 
B\stem exist. The magnetic tritfgtTs to be desiribed be- 
low arc a result of research in utilizing I he funda- 
tnentat hystcretic proj>ertie» of a ferromagnetic ma- 
terial as a trigger device. 

Anv nvagnelit material, rasiK' saturate*! ami having; 

fairh large relent ivity pru|>«*rties, can be considered aw 

a triKWt' device by itself. ( onsider the h\steresis locip 

shtmd iti Fig. 1. When the m.iierial has l>een uneter thi- 

itlbirn* e of a large positive magnetising force, j'Kjsitivr 

■ •'dii.d tnagnelism Is retaine*!. The material will remain 

• 'he |>oint I. If it was last sidije<twl to a negatiM- 

'.iKitfti/ing force, the material will remain in the slalt- 

.>! iii-gaiive magneti/ati^ni represented tty the fK>int 

these two slates, / and 0, represent the twn jMissibU- 

stable conditions of the m.ignetic material, The> can 1m- 

easily reversi?d by the application of a magneli/ing 

force itf-suflicient amplituili- in (he op|M)!%iiiK direi tion. 

In contr.tst to the vacuum-tnl>e trigger pair, the man 

nelir Il4ix t>nlarity, rather ih.in (he voli.ige level, df 

termities the two stable states. While tie voltages .irc 

necessary fa main lain the <ic t urrents flowing in the 

v.icuuin-lube (rigger pair, it is not necessarx' to have a 

magnet i/ing force to maintain a Hux in the magnetic 

core material. Thus, a magneii*- trigger should be able 

ti> m.iinlain the triggere*! [Xjsition without ihr ncfd of 



• Drcitnat clawilv »ii..n R2H2 .1 X.^ tK XR Mh t»riBi-wil manii 
■ ript received hy the I<ninuite. .'^ugu!lt 2S. 1940; ir* ■».T aunuMiritx 
mrivetl, January 18. 1950 The work w.\i unjeruket- jih^ l'ijntf,ii t 
W I fl- 1 22- AC- 24 brrwcrn M,>rvjr4 llnivcr»ity and ifc» i -. —I ^latr* 
Air Fore*. 

t Computation 1 ,«l-« i«'in Ftrirvanl I'nivcr*. •■•Ik-. 

Man. 



any [WWer. I he ni.igucli/jng pulse ilicu lake- the pi. ice 
I'f the IrigKeiing jiulsc, I( <ihiiu[i| be powerful enough to 
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ltivi> llir iii.ri;itrtt(' <'i>t«' In ■>.rliii .rtiiMi .Mlfrti.itc tn.iw- 
ii-lizitiK |iiiIm-h iif to ittii n)s»imcl- •liiratirin un' itpi'tt*-*! 
'M .1 iiMuni-ru iiiaU'ri.il. I Itf lhi\ mI ihf ni.ttcriul is Mip- 
•lc.|ijH"l Ih'I\m<-(i \\s\\ s.ititr.iinHi v.ihii-ii. Tht- iiiaU-rial 
ii.i\t-ls .iMiiiniI \\\y hv ■.tiT«-!irs lo*i]i whili' hrhin trij;i;i*ii''l 
iii>l K'tti.iiiis .11 (in<- 'tl till* twii sl.ililf [iitiiits / .tnil ii 
\\\u'%\ \\*'\ Iifinn IriKU'T'"*! '•'^tH- I'ij;. 2.1 Xittifi* tliit tlif 
Irtiiutj. / iiit'l M .in- si.iiiiin.iry wlit-n m» ni-iKritti/nn: 
|iiitM-* .III' ,if»|ilii*(l, 

Wllitf (1 i>\ir\ r.is\ ItiilcliMt llu'ilillcrciu ciif rlit Mil 
• iinriii, ir !•- \i'r\ itiffii nil tn m-iisc tht- tiKiunrlii lliiv 
pnlitiiU Kill' — • it i- t Iliiikdi;: Tho';, tin- simple m,ii;iii-iii 
lliiiUi't witliml milk -i.ilii .j!K iiinil iihmii> <i| ili-ti-- (in;; 
ili< Itiix gMil.irily .-iri- fnimd. 



II. NT \f.si.Tlc TRinr.HK l'\ik 

H\ llif ti.iiiicf i>f flif s.itur.ilioii phfiioiiion.i of ni-iy- 
iK lii m.ili'ti.iU, ii \> ["(Hsihti- In ili-li-riiiim- the jinLitiU 
III rln' rcsiiliuil ni.iKiK'tisiti liv .n>]>l\in}i a ikiwitImI 
in.uii.ii/injj force. Assuinr tli.it this masineiizintf forn- 
I- til llu- ii.'y.itivi-ilirci lion (lit;. 1 i. Tfu-n. if the rt'si«lvuil 
iii.ii;iitM'-tii is A\ iIk" i">iiU 0, Vfr\ litite l]ii\ < li.iitK** i"'' 
-lilK U'lirti the lll.iKttcluillK (onr is «tiM iilUitlUPtl. the 
iii.it:i(. ti/.iiion r*-tttrns to ihi* |i<>liU 0. If the ii'^iilu.il 
iii.niintiMii i> .it [toiot /, .1 l.irui' rhiiui;i- nl (Inx n>till^ 
.ili-itk: I III' I rare of thf livslcrtn-is lon(t droiijiiD^ from / 
III .1 aiul lliiii rrtiiniinji from o tn ft. l>iiriii>; I In- sh.ir|i 
"l«i na.->v of lliiv. a lari:*- \ullaK<' '?■ in<liii dl ami^s \W 
iHiU liiiktiiK tin- luaKiK'tii- ion-. TIumi, rm matlfr wti.U 
(itiltrilA lilt" roiiliial ni.i^;iirti!.iii, cMiitnalK ilic niat;- 
m-fir iiiri* riltini'^ |o jMiint 0. A l.uj;i- iinlmi'il voliaur 
ai ro«.s till- MToiMlary roil indicates thai tin* tiritii't-il 
^talt• u.is .11 point /, vvtiiU- a vitv stii.ill iinlmcd volfa^i- 
iiidi* ,ili> lliat lilt' orif;i't'il Jslate v^as al jminl 0. 

\ '•ittiil.ir rti.i^iu'lii' core is now iiscil id addition. I-ci 
ns a!i>iimi- ih.iS it is .it position 0. If ihr lafKi' irnliui'd 
VdiliiUi' fn'tii tln> tir^t litre is afiir to dri\i- I lit' sfioiid 
»i»ri* frnni its iKisiiictn to I, \\w tliiv loiidition of thtr 
lirst I otv is iraiisfcrri'd to tlif si-ronii i ore I'liis h.is lui-ii 
dfni(in-.ltaK'(I i'.\|>vriim'nt.ill> .' TIil- i-nunet lions are a^ 
shown in lit:. ^- The liysiiTJ-sis rurvf below each fore 
reprt-.enl> its m.ijinetir sl.iti- When Imth tores are at 
po>iti<ill. titv first nuiKneli/'tllji pulse, lieillK uej;ativr, 
I hiiiip-s the iiii.x of Hire nnmlier 1 ver\ liltk*. so that 
I ore niinilwr 1 prixlini-^i vi'r> little linkinj; furreiit lu lO 
I li.in>;i' the flux of inre number 2. Siniil.irlv, the appli- 
i.itiiinof ihf second ptdsewill do the same. Cores mini 
liei 1 aiitl iiiiiiiber 2 e\perifiiieMn.ill limifS w(( .iiid fl'i/'t', 
ronstitiiliii^ a sl.ihle limit i vi le |t»r eaih mie. When 
.1 / is stonil ill core iiiiihImt I. the afipltriitioii tif ihe 
tifvt iii.ixneti/iiiK fori e i li.iiit;i'>. lire lltiv. from / to a, 
from where it iltii|>s b.uk lo 0. This Lirge i.li.iiige of 



' Air F.H-ff C.mir,icl \Vt«Mi2-At'-24 Prtij-ress Rejwrt ^*.^. -', 
Hjirvaril t'iiiiiiiiii.itiiiM l-.iiK»r:lt<«r\, Ht^t. IV, 8; Nov. Itt, IS'tS. 
J'ii>(;n*si l^c|i()it Nil. \, tl.irv.irtl I'umjiuUitioit I.iibLiraii:iTv, swt. \, 
1; .\1nv 1(1 I'iJS. 



iluii's Miittirieiil Mill.iKf m '■'- < "il -Vi lo jirothn c 
.iM-tit ti» whiiti sihtHild It*' ii'if to drive tore iiwtn- 
! . .' (rf>m 0' to // t'l /'. I In ilitleremial Mju.ilion <if 
(In '-Ilk I in itit is 

r/i>i t/*i </ii> 

dt ,h ill 

Intccratiin; tin-., 

.\s till tht\ lit Kin nuttilM'r 1 i hantjes irotji jio^ttion 1 
lo position It, lite llii\ of tore niimlM.T 2 t liatii;*- Iroiti 
0' Id h'. .V) anil -Vf shonlil he etpi.il if i1h'\ .<i> «\tn- 
iiK-rrii .il. The turrenl I'ls is always pii»iti\r' .on I -*• is ^tu 

diiiinji ihis I li.iiikie. It is mTes.s.irv tli.it 

Aif I i ^4>-i = tt ncgntive vat it*'. ' 

1 Ins iiie.oi- rli.ti ilii- I li.oi^i- III Ihiv fnmi 1 i" >i stioiil'l 
.ilivaAs Id' i^re.iliT ih.oi the • ii.mue of llti\ inmt in '< 
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Kin. ' M.iBni'iJr iriKKiT iwirantl its <j(>«.ititm. 



If it is piwsilile to make core iinmln-r 1 nliirn Irom t(» 
h til J l»v the .ippliiation of the seioiid iiiaKlieli/.iuji 
pulse, the Stored ilinit is kept there. I'll is rW4»ire» thv 

existeiiieiif asi.ible m.ijor hvslere-is tooiivulh slight mi- 
s%mmelr\. whuh has been .ivailable. Ihe nperaiton nt 
siirh a m-i^nelii triRKi"' l'.»i'' '" '''*"" stable. 
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III MnMi [i n M vi.M 1 1' I h-ti.t.i K I'mk 

i ilt* tllnni'-tlll'lUirtttt't! Illt>\ tlUIH'lt \ lit iu^U'l<'^i^ l<)ii])<« 

iMH In* ^tl*^t)i■ (iiiK ill ,r liniiu-<l ri-yicti. It Ac>j i> >ii(.illi'r 
tli.i[i^i;>, li\ .1 irit.iiii .iiiioiiiit, t[ii' luvi tiiiii- Ai.^, is; It'ss 
ili.iu Ao.-. 'Hi*l >'< I'll- < •I'.ofa.ilh . Ill ■-fMT.tl " v.ilc>, Imtli 
tun*;. «i[I I'litl u|i .1 iHi--ttii.li 0. .iii<l lie- -itifrij iit|*<rin.i' 
tti'ii Mill In- Im-i 1 iiU i-. till I .i-i- i-v|)(-riiiii'tit.illv w inn 
iim tiitit li n-iol.itii !■ iir Ic.ik.iiji' itiiliH t.iiii »• \> |iri'~>fii( iii 
th> Imkin;; iir«(itl Almi. id [trinlitif i li.niKf "I tlH\ .!■> 
lilt' j[i'ifiii>ii> V lit i(|n-i.j((<tii l^ 111. nil- hij;li('t. i,j iiiti'-i 
i!t'>t->.M)h I'l- lati.<T, <litf tt' ihi- [tu-^rm f m| i*i|ii\ i iir 
M'lil rill«. irl.tk*-- tin- |i«-}< tUi'Ti' tlll»\ lliilH'li ii .il .iinl full 
M-qiH'UiN riiiiii' iirt~l ilili- I'Ih- irtMilili- 1 ,im )>i' ■■liiinn.iinl 
t<\ .1 tn<Hliti< MiKii lit tlif li,i-it I it< ml \iiii-ili,ii I J' 1,111 
lit* •.,tti>tiril liv ti-iiijr.i v.ijiirii) .V| K f •■•'''■'■ 'I'-'" •^v. «liil«' 
AOi iml Ac>; ^iff t'jK.H t!> I'q^i.il .iPiil Miifxisiti- I tiiliT \hi^ 
'•MTiiltiiiiii, «.|.i|itf nttrial I'Ht ••( ihf If'isim'r f-'"* '* ["•'.stlilc 

itltlinlll ihruit I'^viU ti| ll.uiliy ?.t.l|llt' SIHSVItlllliIlli.il 
ll>J>lfri*>i> ll«»)l-- I ill ■lliUll 111 ( ll; 4 It- ll>l-lt Itlfl tlllt'l- 

.ii»" ni'n-?—.irv III liii- iitikiiiv 1 in 'III >'i tli.it vilu-n llu- 
Itc-t rntr i> <fi«\ i n, tin- itpjii-t link i^ ii(nT.iliVf, .mil vi lii-ii 

t h< «-ii iitii) I m (■ I- i|n\ i-ii. t tir Imw it link i-- ti| hi .(t i\ c 
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lit 4 \|«i.|jtif>t ni.i^iii'ii> CLfiit jtiii 

Jll tllL> 1 .lr.1 . ••l-iilililV llf IJllfl.lltlill I. Ill In- ll|it.»Mll-'l 

niurt- iM«iK at tbc fVpciiM" cif twii «*vir,! n'l'tiluTt*. 'riii>. 

Ill) III '>t iri<i:<'i I'aii Ills Iti'i'ti ti-stti| [It (inlit itiinriiiatioii 
li>r ati ii|i|i'liit)li'h Ifili^ litlti', .tllil ■ all lit' tiiutifriil ha* k 
.Mill (iirtli ,it .1 ii'iifiitinn ltff)iii-tH % ii|i t<i ^it kil«»fii lit"- 

(•IT M'liitiil, I III- I rit ituT?- UM'il arr llf M'lfitiiitn tvjic, 
< a'l ttl.illillln iliKili". Ill ri)iii-.i' i MM ,il>i> In- ttsi'il I lUTi' .ifr 



mam u.iv-* llf latr'iilui iii^ itkitials iiiin iIk- lriK>;«'r j>atr. 
Utii* »av is m -i|i('l\ llic (fiiMtivf ur nrnaiiv*- riM*l-in 
|iiilsi' rc> ihf lirsl iiiti' at rill* saitii,' iiislaijl n> llw-wttiii'l 
ili.ii;ii<'t i/iiiK |Mlls<> i-> at>|ilii''( III t III' '^11 (>ni| I iifi' 

r IK > sltHHS till- tlii\ NanalKDl nt I he tl^^l i >«|- .ti tln' 
t«ii tiiaKHiiMiiiK pulsi's art* .ilU'riMti'Iy aitjitiitl. 'I'lu- 
tt(ijH-r |H>rliim t*'|tn'si*iit> tin- i (iinliiiiiti w In-it a (t i* 
sliirril III till' trii;i:ri |i.ni', uiiilr tlic liiui'i iitiitiiiii ii'|)rt' 
>c'iit.i till' I imhIiiikm \s lit II a / IS >ii>iril t III' KHi illii^r.iiii 
shtiws (llf ii|ii'i.ii Mill It I ti'jii'i ilioii lii'ijiit'iii \ "I ^ kilii 
i'\'t li-s (ifi «<i'< (ijti! 
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l\ "-VIM.! I St K..hl I hli.ia li 

{ lie irinu'T |i.iir> i!f>i iiIhmI in ilii- aluni- t«ii i»i'i finii:^ 

llM* lv\i) lttat.;tti'tit' I i>l<-s. I llr llla^iii-tit llii\ i . imlit lull lit 
tlif lir>t line i> Itaii'.li'ni'il t'> llir >.i-inui| .i.|i li.i l*-|ti 
imraf) MiiniKf Ijv iIu- tir>t m.tcm ii/iiJ>j, fUil."!", tln-ti tin* 

■•l.itr ii trait^tiTti'il li.li k li\ ttif .-r. titl't lll,i:;llHl«;iu^ 

. |ttil-.i' Sm< V tliiTf I- i(ti ollu'i wa\ <<l ifiJiii*: thi' tliix 
l>ii|.M(i\ -latii.ilh . ivtti ii.iit!-r<'r- iiiii-<t 111' til. nK linn i- 
.ijtrt'al aiK .iiiiaui' 111 lln- u^r nt .i -.iiiiilt- i<i)i iii>l a <ltt>;ll■ 
In.l^;m'l1/ltl^; ihiIm- til licd'i niitu' 1 1ll- j'lilti'i ^ III I III- HI iii 
IH-lii llll\, ullilr pri-M-rviliK that llilx 
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Mir |irf>n'i)ijri* i- .i-. 1iiIIiih> (fin. fi) : As>uiiic tiri>t lli.it 
tlif line ih iii.if;nt-i)/c«l lit ilu- positive direi tion., or .it 
(111- (K.siniiri / I 111- tii.tK'ii'ii/iiiK iJiilso th.itif^'os tlie posl- 
Uon I'litDi J to (/. ili.^ cansf-s a larKf voltaKc arross the 
ml! .iriil ( li.iri;rs tin- -.ip.Hilv ('. riirii iht" riiagnetizinK 
pills*' uM~.fs til llnw (' is ilisfharKfl thrftUKh the coil 
whicli titfcrs \rrv low iri'iin lance Ikh'ihisc it is .ilrcatK 
f>,ilnr.itc<l ill till- <liii*t (Kill of the titrrciH During tli<* 
iHm liarg'- lii ihi' tMpa<il\- C, llu; cirriiit npiT.nioti is 
\vi\ Wkf .t par.illrl ri'sini.tni c iif L, C, .■mil H, wfii-rc fi is 
hi^;li .itiij /. viT\ Inw . 1 h.- (J (if this* ['■^''.illi-l rirtuil is 
citu.il 111 A'x ( ' /,. u hi. h I-. tiigh. Till' 1 li.irg!' till t In- rdji- 
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lliix, vijlt.,ij;f. Giui cgrrt:iu shajit of tlic single-Stroke 



dcnsft C is ea.silj ruvcrsed \sillnnU i>iii<:l) dnmpiiij; 
Hfiwever, when the <ondfnst.T discharges ag.iiti, the div 
rhai^ing current flowing in ihu winding is in such a di 
rectiiin as to cause the flux of the core to change front 
to / again. The cfiil ofTers a high inductance, the dis- 
ch.irging rate is much slower, aiut the diyn])inE; liigli 
If the values of R. C, and this inductance are siicli iliai 
damping is doscii to critical, the rontlenser is com 
liletely disch.irged while the dux returns from lu / 
again. This sitii;ilion is very similar to a singlr-strof*e 
elect ricat trigger ji.iir. The [mjarilv of the flux nf tin- 
core returns to the original condition autoniaticnlly a 
certain time after the first triggering. This ijilerval is 
determined l>\' the discharging time of ttie conilensei. 
In Fig. 7 are shown iheeliangc of Hux with time as the 
magnetizing pul.se is applie<f, ttie voU.ige acro.ss the 
condenser t*,, ihe current i i. through the coil, .ind tin" 
magtieti/ing iiirren! ttt- If originally the core is in the 
st.ite 0, the niagneti/ing [uilse does unl cli.iiige the llux 
Ity any apprerialde anioiint. The coil esseriii.dlv short - 
.■irctnts tfie CR circuit. The- 1 ondenser is not cli.irgcd 
ami everything remains the same ,is the nLigneti/itij; 
pulse subsides. The output is very small. Die tlux 
change for this case is shown as the last curve in I'ii.;. 7. 

v. Conclusion 

'I'he above disi'us,sions show the genera! feasibility nf 
using magnetic cores as triggers. Tfierc is every jHjssi- 
liilit> tfiai such a magneiic trigger can take the (ilacenf 
vacuuni-l ube friggei jiairs lor some ol (heir ,ipt''i''"t- 
tions. Hillary digits can be stored in sucli units, A stored 
iligit i^an l)e delivercfl out or be transferred to anotlier 
core. The possilii!it\ of tr.msferring binar\ digits from 
core to core direeth- makes it possible to construct ait 
in(c»rni.ition delay line in which a series of liinarv digits 
can lie pustied along a series of sin h cores b\ m.igneti/. 
ing pulses at any rale from a very low speed up to about 
M} kilficvctes per second. This has been described in 
another paper.' Exact mathematical treaiineul t)f the 
sutiject is still difficult in view of the highlv ufinline.u 
c-haracteristic of the hysteresis loop of tlie core niateri.d 
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